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(57 ABSTRACT

A process for preparing armmonium dinitramide by:

(1) nitrating ¢ither ethyl catbamate or methyl carbamate
to form the comesponding mononifrate compound,
ethyl N-nitrocarbamate or methyl N-nitrocarbamate;

(2) reacting the N-nitrocarbamnate with ammonia under
apnhydrous conditions to produce the comesponding
ammeonium salt. ammonintm cthyl N-nitrocarbamate or
ammonium methyl N-nitrocarbamate;

(3) nitrating the ammonium salt and then treating the
reaction mixture with ammonia to produce ammonitn
dinitramide, ammeonium nitrate. aud rcgenerate the

- original cthyl carbamate & methyl carbamare com-
pound.

8 Claims, No Drawings
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PROCESS FOR PREPARING AMMONIUM
DINITRAMIDE

BACKGROUND OF THE INVENTION

This invention reiates 1o enexgetic compounds and more
particularly to energetic inorganic mitro compouads.

Ammonium dinitramide (ADN) was first synthesized by
R. J. Schmitt and J. C. Bottaro of SRI Imernational. Later
ADN was prepared by the nitration of amimonia with N, Oy,
NO_BF,. and (NO-.)I'ISZ,O7 All these mcethods suffer from
low yields and require cosﬂy time conswming purification
steps.

SUMMAKRY OF THE INVENTION

An object of this invention is to provide a new method of
producing amnmonium dinitramide.
Another object of this inventdon is 10 provide 2 method of

producing ammenium dinitramide in greater yield than in

previous metheds.

A further object of this invention is to provide a less
axpensive method of producing ammenium dinitrandde.

Yet another object of this invention is to provide amethod
of prodicing ammoniumn diniwamide with an easier purifi-
cation method.

These and other objectives of this invenmn are accom-
plishied by providing

& process far producing ammoniusk dinitimide compris-
ing the following steps in ordexr:

(1) niwating a compound of the formula Z—NI, to form
a compound of the forraule Z—NHNO,;

(2) reacting the compound Z—NHNQ, with ammonia
under anhydrous conditions to produce a salt of the formula
Z—NNO,'NH "

(3) treadng the salt Z—NNO,"NH,* with a nitating
ageat. and then with ammonia to produce ammonivim
dinitramide, ammonium nitrate. and regencrate the com-
pound Z—NH.. and

(4) isolating the product ammoniumn dinimamide;
wherein Z is —COOCH_CH,. er —COO0CH,.

DETATLED DESCRIPTION OF THE
PREFERRED EMBODTM'ENT

The process of this inveation pmduccs ammnonium dinit-
rarnide by using a substratc compound that functions as a
‘protected formm of ammonia. It allows for introduction of wo
nitro groups on the ammonia pitregen (iu high yield) fol-
jowed by treatment With ammonis to give ammonium
dinitrammide, ammonium nitrate, and regenerated starting
componnd.

The subsuate compound may be sepresented by the
formnla Z—NH; whertin Z is preferably ——~COOCH,CH;,,
ar —COOCH,. and most preferably ~-COOCH,CH,. Spe-
c¢ifically the substrate compound is ethyl carbamate,
CH,CH,O0CNH,. or methyl carbamate, CH,O0CNH.,.
The process can be summarized by the following cquations

Z—Ng, 252 >, 7 NHNO, @
2~ NHENO; + NHj ~——————3> Z—NNO; NH* o
1. g_mhnn - U (m.)
Z—NNOy NH(* —* 3= NHN(NOz)z + Z —DNHz + NHANO

wherein Z is as defined above.
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In the first step of the process (see equation I above), the
substrare componnd Z—NH, is nitcated in soludon to form
the comnpound of the forinla Z—~NHNO, whertin Z is as
defined above. Specifically, ethyl catbamate or methyl car-
bamate is pitrated to foxm the ecomesponding mononitrate
campound: ethyl N-nitrocarbamate, CH,CH,OOCINHNO,,.
or methyl N-nirocarbamate, CH,O0CNHNO,. respec-
tively. Onc equivalent of nitrating agent per mole of sub-
strat¢ compound is uscd. The niwation agentr is selected to
preferentially produce the wmononitro compound. The most
preferred nitating agent for this meponitration step is acetyl
gitrate. Because acetyl nitrate is corrosive, cxplosive, and
unstable in the purc form, acetyl nitrate is prepared and used
in situ. The Merck Index warns that “acetyl nitrate will
always explode when heated suddealy over 60° C.” There-

fore cooling iz used Aumna the inirial farmation of acatyl

forc cooling is used of acotyl
pitratc and during the initia] reaction stage of acety] pittae
with the substrate to prévent overheating. As illustrated in
example 1, the acetyl nitrate may be produced by slowly
adding fuming nitric acid to excess acetic anhydride with

0 cocling to prevent overheating (tcmperature 10° C. or less).

The reaction is (CH9C00)201-I'1N03->CH,C0(0N02)+
CH,COOH. The resulting product is the acetyl nitrate in a
salvent mixture of the acetic acid byproduct and the excess
acctic anhydride remaining after the reaction.

In this first process step ¢ach molo of subswaw compound

~ (ethyl carbamate. & methyl carbamate) rcacts with one

equivalent of pirraring agent (e.g.. acctyl pitrate) to form the

" N-nitro derivarive. When acety] nitrate is the nitrating agent.

additianal aceric acid will be forraed as a byproduct (sce
cquarion (I)).

The N-nitro product is thep isolyied and purified When
acetyl pitrate is used, the volatiles, acetic acid and acedc
anhydride, are distilled off, leaving the selid
N-nitrocarbarmate product, Z—NHNO,. This can be purified
by mimrarion with CCl, (as shows in example 1) to obtain
rdgorously piire mmaterial. or the product can be allowdd io
dry thoroughly and convertad to jts salt directly.

In the secand step of the process (see equarion (II) above).
the N-niwo compound, Z—NHNO,;, is reacted with anhy-
drous NH, to form the amroonium salt of the formula

Z__NNOD “NH *+ wherein 2 ic 3g defined ahovue

Specifically, ethyl N-nitrocarbamate or mecthyl
N-nitrocarbarmate is teated with aphydrous ammonia 1o
foom the corresponding ammoninm salt: amnonium ethyl
N-n.itmcaxbamme (CH,CHB,O0CNNO,™NH,") or ammo-
pium meihyl N-pittocarbamate (Cﬂs"vca“'hu;}‘"d‘ ).
respectively. The more preferred ammonjurn salt is ammo-
nium ethyl N-pitrocatbamate. The ammonium sak is pre~
pared by adding dry ammonia gas to an anhydrous solution
of the ethy] or methyl N-nitroearbamate compound under an

A e b SN e Te e e o BB _a % Yat
56 ineri atmosplicre (dry LITogeh, &goL. hocaum. cic.) witic

cooling to maiptain the reaction mixture temperature pref-
erably below 25° and more preferably below 20° C. In the
pxefazed solvent or solvent mixture, the ethyl or methyl
N-nitrocarbamate compound will be soluble. but the mmmo~

e 2nld armdyrid @221 lem dneahivhle Darinctanee tn aramemla

wt'w.u UL A WULE WAL U IN501U0aC, 3 LO5Ence. I Caaligsii
2, cthyl N-nitrocarbamate is dissalved in an approximately
2:1 (by valume) solvent rmixnuwe of dry CH,Cl, and dry
CB,OH. When dry ammonia gas is bubbled into the
solution, the pmduct ammoniam cthyl N-nitrocarbamate

_____________ [Py Y el - { N ey trg ol Fon ¥

o Prmpunu:s QuL. UMU&ULWJ-U. \\..nu;) Ay Ub Uscg it piass

of methylene ¢hloride (CH,CL,); however, methylene chlo-
ride is the most preferred chlorohydrocarbon solvent far this
stzp, Similarly, ethanol may be used in place of methagol;
however, methanol is the tnost prefared alcohol for this
?lCP.

In the third step of the process (see equation II) the
ammoniyn N-nitrocarbarpate salt, Z-——NNO, NH,", is
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nitrated to form a proposed intermediate compound N.N-
dinitrocarbamate Z—N(NO,),. The intermediate compound
has not been isolated or unequivically identified.
Specifically. (1) ammonium ethyl N-nitrocarbamate salt,
CH,CH,O0CNNO,"NH,™. is nitrated to form the proposed
intermediate ethyl N.N-dinitrocarbamate, CH,CH,OOCNN
(NO,L),. o (2) ammonium methyl N-nitrocarbamate salt,
CH,O00CNNO,"NH,™, is nitrated to form the proposed
intermediate methyl N.N-dinitrocarbamate. CH,OOCN
(NO,),. The ammonium N-nitrocarbamate salt Z—NNQO,~
NH,". is suspended in CH.Cl, or CHCI,. with CH,Cl, being
more preferced. and then nitrated at a temperature of pref-
erably less than —=35° C. under an inert atmosphere (nitrogen,
argon. helium. neon. etc.) to produce the proposed N.N-
dinitrocarbamate Z—N(NO,).. The fow end of the reaction
temperature range is not critical, but the upper end of the
range is limited by the limited stability of the intermediate
product. Suitable nitration agents include preferably nitro-
gen pentoxide or nitronium tetrafluoroborate. with nitrogen
pentoxide being preferred. This procedure is illustrated by
example 4.

In the fourth process step. the intermediate N.N-
dinitrocarbamate is reacted with ammonia to produce (1) the
desired ammonium diniramide product, (2) ammonium
nitrate as a useful byproduct. and (3) the regenerated sub-
strate compound Z—NH,. This can be conveniently done by
bubbling ammonia into the solution produced by the nitra-
tion reaction in step 3. The ammonium dinitramide and
ammonium nitrate will be present as a solid precipitate
mixture which can be filtered off leaving a solution which
contains the regenerated substrate compound. The solvent
can be evaporated leaving the substrate compound Z—NH,
which can be reused. By using an appropriate solvent (such
as CH,C==N)the ammonium dinitramide can be separated
from the ammonium nitrate as illustrated by example 4.

The general nature of the invention having been set forth.
the following examples are presented as specific illustrations
thereof. It will be understood that the invention is not limited
to these specific examples but is susceptible to various
modifications that will be recognized by one of ordinary
skill in the art.

EXAMPLE 1

Preparation of ethyl N-nitrocarbamate

Fuming nitric acid (389.3 g. 5.56 mol. 90%) was added
dropwise to rapidly stirred acetic anhydride (1135.2 g. 11.12
mol) at 0° C. under N, (The HNO, addition rate was
controlled so as not to exceed a reaction temperature of 6°
C.). After the acid addition was complete. the reaction
solution was warmed to 25° C. (over 15 minutes) and was
allowed to stir at 25° C. for 30 minutes. The solution was
then cooled to 0° C. and solid ethyl carbamate (500 g. 5.56
mol. 99%) was added (in portions) over 70 minutes. so as
not to exceed a reaction temperature of 10° C. After the ethyl
carbamate addition was complete. the solution was allowed
to stir at 0° C. for 2 hours and was allowed to warm to 25°
C. over 1 hour. The volatiles were then evaporated in vacuo
(at 25° C.) to give yellow crystals.(ca. 8§20 g) that were
tituraied with CCl, (500 mL). were filtered. and were
washed with CCl, (500 mL). Evaporation of the filtrates and
two repetitions of the CCl, purification process on the
filtrac2 residues removed most of the acetic acid. (Note: The
presence of acetic acid in CCl, greatly enhances the solu-
bility of the product ethyl N-nitrocarbamate.) The combined
crystals were then triturated with CCl, (500 mL). were
filtersd, and were dried under high vacuum to give colorless
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crystals of the product ethyl N-nitrocarbamate (554.0 g,
747%). mp 63°-66° C. (lit. 647 CH IR (KBr) 3250 (s). 3020
(ny and 3010(m). 1753 (s). 1G13 ¢s). 1460 (s). 1400 (s). 1330
(s). 1230 (s) 1000 (sy em™*. 'H NMR (90 Mz, CDCl,)
810.70 (bs. 1H. exch D,0). 445 (q. 2H. J=4.5 Hz). 1.40 (¢,
JH. J=45 Hz).

EXAMPLE 2
Preparation of ethyl N-nitrocarbamate without CCly
Purification Step

Fuming nitric acid (583.9 g. §.34 mol. 90%) was added
dropwise to rapidly stirred acetic anhydride (1575 mL. 14.26
mol) at 0° C. under N, (The HNO, addition rate was
controlled so as not to exceed a reaction temperature of 6°
C.). After the acid addition was complete. the reaction
solution was warmed to 25° C. (over 15 minutes) and was
allowed to stir at 25° C. for 30 minutes. The solution was
then cooled to 0 C. and solid ethy! carbamate (750 g. 8.33
mol, 99%) was added (in portions) over 70 minutes. so as
not toexceed a reaction temperature of 10° C. After the ethyl
carbamate addition was complete. the solution was allowed
to stir at 0° C. for 2 hours and was allowed to warm to 25°
C. over | hour. The volatiles were evaporated in vacuo (at
25° C.) and the residue was dried to give off-white crystals
(950.2 g. 84%. mp 62°-63° C.). The IR and *H NMR spectra
were essentially identical to the ethyl N-nitrocarbamate
produced in exampie 1.

EXAMPLE 3
Preparation of ammonium ethyl N-nitrocarbamate

Anhydrous NH,(g) was bubbled into a stirred solution of
ethyl N-nitrocarbamate (503.0 g. 3.75 mol. mp 63°~66° C.).
CH,Cl, (1625 mL) and dry CH,OH (825 mL). precooled to
9° C. under N,. until the exothermic reaction subsided (the
NH, addition rate was controlied so as not to exceed a
reaction temperature of 23° C.). After the NH, addition was
complete. the mixture was filtered and the collected solid
was dried under high vacuum (overnight) to give ammonium
ethyl N-nitrocarbamate as colorless crystals (563.0 g. 99%).
mp 175°-176° C. IR (KBr) 3230 (s). 3000 (m). 1725 (s) and
1685 (s). 1445 and 1395 (s). 1310 (m). 1220 (s). 1100 (S).
1030 (m) cm™!. *H NMR (90 MHz. d,-DMSO) § 7.30 (bs,
4H. exch D,0). 3.90 (q. 2H. J=4.5 Hz). 1.10 (t. 3H, J=4.5
Hz).

EXAMPLE 4

Preparation of ammonium dinitramide (ADN)

A cooled (ca. 0° C.) solution of N,O, (866.5 g. 1.19 mol,
14.9% in CH,Cl,) was added via a Teflon cannula (under
N,) over 40 minutes to a rapidly stirred suspension of
ammonium ethyl N-nitrocarbamate (164.0 g. 1.09 mol. mp
175°-176° C.) in dry CH,Cl, (1640 mL) at ~48° C. under
N, (the N.O; addition was controlied so as not to exceed a
reaction temperature of ~33° C.). After the N,O; solution
addition was complete. brown fumes were noted over the
reaction mixture and the reaction liquid had a yellow tinge.
The reaction mixture was then allowed to warm to 0° C. over
30 minutes and was stirred at 0° C. for 3 hours. The mixture
was cooled to —45° C. (under a N, purge). and dry NH; (g)
(58 g. 3.4 mol) was bubbled into the reaction mixture. The
mixture was allowed to stir for 3 hours at 25° C. while
purgiog with N, to remove excess NH;. and was then
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filtered. The filter cake (containing amynowiun dinjtramide
and aminopium mitratc) was washed with CH,Cl, (150
mI+2x50 mL) and the residual solid was allowed to stiz
Wwith CH,CN (1000 ml) under N, for 16 hours at 25° C. to
dissclve the ammonium dinitramide; The cotnbined CH.Cl,
solution was evaparated and was dried to give a tag solid
(793 g. 82%. rup 47.50°-50° C.; Aldrich Chemical Co. mp
48.5°-50° C.). The CH,CN mixture was fileered and the
filter cake was washed with addidonal CH,CN (2x100
mLA50 ml). The filtered ammomninm nitrate was dried nadar
high vacuum to give a whitc solid (92.8 g, 97%). The amber
CH,CN filtrates (containing ADN) were concenfrated via
rotary evaporation (under reduced pressure) at 25° C. to 960
ral.. This caused some ADN to precipirate and this materjal
was removed by filtration and was dried (under high
vacuum) to give a light tan solid (14.8 g. mp 88°-94° C.)
CH,Cl;(2 L) was added 1o the cormbined filrate (¢a. 1 L) and
ADN was precipitated, Filuation and drying gave a Light tan
solid (97.5 g. 72%. mp 87°-105° C.; total ADN fractions
isolared 112.6 g, 839, mp 87°~105° C.), The crude solid was
dissolved in ammonisted CH,CN (500 L) and then passed
through silica gel (ca. 150 g) which was treated with
amumopiatcd CH,CN. The silica gel was then washed with
arnmoniated CH3CN (2 L) to remove trapped ADN (until
CH.Cl, addifion to filtrate fractions no longer precipitated
ADN). Evaporation and &ying of the Lght green filtrate
gave ADN as an off-white golid (105.9 g. 81%, mp

89°-91.5° C.). TLC (silica gel, CH,CN) showed a dark spot -

at R=0.80 (ADN) and a light spot at .26 (ammonium
nirrecarbamate). The qrude ADN (109.6 g) was dissolved
(with slight warming w 33° C.) in reagent grade CB,OH
(200 mL) and CH,C(3 L) was added dropwisc to the
rapidly stirred CH,OH solution (to jnducc ADN
precipitation/crystallization). Filtration of the crystallized
ADN and drying gave white aystals (1033 g. 76%, tmp
91°-92° C.). TLC (silica gel, CH,CN) showed one spot st

.80. IR (KBr) 3150 (s), 1550 (s), 1440 (s), and 1410 gs).
1215 (5) and 1180 (5). 1035 (m), 830 (s). 730 (s) cm™>. *H
NMR (90 MHz, d,-DMSO) 8 7.25 (s, exch DO).

EXAMPLE 5

Improved Preparation of ADN (kg scale)

A cooled (ca. 0° C.) solution of N,O, (8187.2 g. 11.29
mol, 14.9% in CH,Cl,) was added via a Teflon cannula
(under N,)) over 13 minntes to arapidly stirred suspension of
amrnoniom ethyl N-nitrocarbamate (1550.9 g. 10.3 mol, mp
175°~176° C.) in dry CH,Cl, (103 L) at ~51° C. under N,
(the N,Oy addition was conrrolled so as not to exceed a
reaction temperamure of —35° C.). The reaction mixmre was
warned o 0° C. over abourt 1 howr and was stirred at 0° C.
for a tetal 3.5 hours. The mixmre was cooled o ~45° C.
(under a N, purge), and dry NH; gas (385.6 g. 22.68 mol)
was bubbled into the reaction mixmire at such a rate so 28 not
to cxceed a reaction temperatire of ~34° C, (fipal pH of
solution was ca 8). The mixture was stired for 12 hours
(afrer the NH, addition was complete), during which tme it
was allowed to warm to 13° C,, and was filtered, The filier
cake (contaiting ADN and AN) was washed with CH,Cl,
(2x1.5 L) and the filtcred salid was then allowed to stix with
CH,CN (8 L) under N, for 16 hours at 25° C. to dissclve-ont
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ADN. Motc ADN is recoverable by additional acctonitrile
extractions. The CH,CN mixmre was filtercd and the filter
cake was triturated with additional CH,CN (2x2 L). The
ampber CH,CN filtrates (containing ADN) were concentrated
via rotary evaporadon (under reduced pressure) at 25° C. to
¢a. 3 L and purged with ammonia (for ¢a. 1 min) to dissolye
precipitated solids. The concentrated ADN/CH,CN solution
was then passed through silica gel {ca. 1 kg) which has besn
treated with ammoniated CH,CN, The silica gel was washed
with arnmoniated CH,CN (ca. 7 L) to remove trapped ADN.
The combined filrare was evaporated and the residual lighr
tag solid was dissolved (with slight warmning w 27° C.) in
reagent grade CH,OH (1.40 L) and CH,Cl, (19 L) was
added via a cannnla to the rapidly stimed solution (To inducc
ADN precipitatiop/arystallizarion), Aftar the CH,Cl, addi-
tion was commplete. the mixture was codled 1o 0° C. and was
allowed to stir far 18 hours at that temperature. Filration of
the crystallized ADN, followed by wituration of the filter
cake with CH,Cl, (ea. 4 L). and drying gavc white crystals
(931 g. 73%, mp 90°-93° C.). TLC (silica gel. CH,CN)
showed one spot at R=0.80. The IR and *B NMR spectra
were identical in all essential r¢spects w autheptic ADN
prepared previously.

Numecrous other modifications and variations of the
present invention are possible in light of the forcgoing
toachings. It is thaefore to be understood that within the
scope of the appended claims the invention may be practiced
otherwise than as specifically described.

What is claimed is:

1. A process for producing ammonium diniframide com-
prising the following steps in erder:

(1) nitrating a compound of the formula Z—NH, to farm

a compound of the farmnla Z—NHNO,;

(2) reacting the compound Z—NKHNO, with ammonia
upder anhydrous conditions to produce a salt of the
formula Z—NNO, NH,™;

(3) nitrating the salt Z—NNO, NH," and then trearing

- the reaction mixturc with ammeniz to produce amrno-
pium dinitramide, ammonium nitrate, and regenerate
the compound Z—NH,,, and

(4) isolating the product ammonium dinitramide;
wherein Z is —COOCH,CH,. ot —COOCH,.

2. The process of ¢laim 1 whearein Z—NH, is cthyl
carbamate, CH,CH,O0CNH.,,..

3. The process of claith 1 wherein Z—NH,; is methyl
carbatnate, CH,OOC}THZ.

4. The process of claim 1 wherein ammonium nitrate is
isclated as z product after step (3).

S. The process of claim 1 wherein the regenerated
Z--NH., compound is recovered afier step (3) for reuse in
the process.

6. The process of step 1 wherein acetyl nimate is used to
nitrate the Z~NH,, compound in step (1)-

7. The process of claimm 1 wherein the mitrating agent used
in step (3) to nitare the salt Z—NQ, NH, is nitrogen
pentoxide or nitroninm retraflucroberate.

8. The proceass of elzim 7 wherein the nitrating agent used
in step (5) is nirogen pentoxide.

* LJ * £ *
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